Context. Filamentary molecular clouds, such as many of the infrared dark clouds (IRDCs), can undergo hierarchical fragmentation into substructures (clumps and cores) that can eventually collapse to form stars. Aims. We aim to determine the occurrence of fragmentation into cores in the clumps of the filamentary IRDC G304.74+01.32 (hereafter, G304.74). We also aim to determine the basic physical characteristics (e.g. mass, density, and young stellar object (YSO) content) of the clumps and cores in G304.74. Methods. We mapped the G304.74 filament at 350 µm using the SABOCA bolometer. The new SABOCA data have a factor of 2.2 times higher resolution than our previous LABOCA 870 µm map of the cloud (9 ′′ versus 19 ′′ . 86). We also employed the Herschel far-infrared (IR) and submillimetre, and Wide-field Infrared Survey Explorer (WISE) IR imaging data available for G304.74. The WISE data allowed us to trace the IR emission of the YSOs associated with the cloud. Results. The SABOCA 350 µm data show that G304.74 is composed of a dense filamentary structure with a mean width of only 0.18 ± 0.05 pc. The percentage of LABOCA clumps that are found to be fragmented into SABOCA cores is 36% ± 16%, but the irregular morphology of some of the cores suggests that this multiplicity fraction could be higher. The WISE data suggest that 65% ± 18% of the SABOCA cores host YSOs. The mean dust temperature of the clumps, derived by comparing the Herschel 250, 350, and 500 µm flux densities, was found to be 15.0 ± 0.8 K. The mean mass, beam-averaged H 2 column density, and H 2 number density of the LABOCA clumps are estimated to be 55 ± 10 M ⊙ , (2.0 ± 0.2) × 10 22 cm −2 , and (3.1 ± 0.2) × 10 4 cm −3 . The corresponding values for the SABOCA cores are 29 ± 3 M ⊙ , (2.9 ± 0.3) × 10 22 cm −2 , and (7.9 ± 1.2) × 10 4 cm −3 . The G304.74 filament is estimated to be thermally supercritical by a factor of 3.5 on the scale probed by LABOCA, and by a factor of 1.5 for the SABOCA filament. Conclusions. Our data strongly suggest that the IRDC G304.74 has undergone hierarchical fragmentation. On the scale where the clumps have fragmented into cores, the process can be explained in terms of gravitational Jeans instability. Besides the filament being fragmented, the finding of embedded YSOs in G304.74 indicates its thermally supercritical state, although the potential nonthermal (turbulent) motions can render the cloud a virial equilibrium system on scale traced by LABOCA. The IRDC G304.74 has a seahorse-like morphology in the Herschel images, and the filament appears to be attached by elongated, perpendicular striations. This is potentially evidence that G304.74 is still accreting mass from the surrounding medium, and the accretion process can contribute to the dynamical evolution of the main filament. One of the clumps in G304.74, IRAS 13039-6108, is already known to be associated with high-mass star formation, but the remaining clumps and cores in this filament might preferentially form low and intermediatemass stars owing to their mass reservoirs and sizes. Besides the presence of perpendicularly oriented, dusty striations and potential embedded intermediate-mass YSOs, G304.74 is a relatively nearby (d ∼ 2.5 kpc) IRDC, which makes it a useful target for future star formation studies. Owing to its observed morphology, we propose that G304.74 could be nicknamed the Seahorse Nebula.
Introduction
Mid-infrared (IR) satellite imaging surveys in the past showed that the Galactic plane exhibits dark absorption features against the Galactic mid-IR background radiation field (Pérault et al. 1996; Egan et al. 1998; Simon et al. 2006a; Peretto & Fuller 2009 ). Some of these features also show dust continuum emission at far-IR and (sub-)millimetre wavelengths, and hence are real, physical interstellar dust clouds, which are known as IR dark clouds or IRDCs (e.g. A&A proofs: manuscript no. AA_2017_31704
IMaging Bolometer Array (SIMBA) on the Swedish-ESO Submillimetre Telescope (SEST). Another dust continuum study of G304.74 was carried out by Miettinen & Harju (2010; hereafter, Paper I) , who mapped the cloud at 870 µm using the Large APEX BOlometer CAmera (LABOCA; Siringo et al. 2009 ) on the Atacama Pathfinder EXperiment (APEX). In Paper I, we identified 12 LABOCA clumps along the G304.74 filament.
The IRDC G304.74 does not lie within the area covered by the Spitzer Space Telescope's IR survey images of the Galaxy (at the cloud's longitude, the Spitzer images cover the Galactic latitudes |b| ≤ 1 • ). Hence, in Paper I we had to rely on the MSX and Infrared Astronomical Satellite (IRAS) images to examine how the LABOCA 870 µm emission of G304.74 compares with its appearance in the mid and far-IR bands. Of the 12 identified LABOCA clumps, four (33%±17%, where the quoted uncertainty represents the Poisson error on counting statistics) were found to be associated with MSX 8 µm sources. Three of these MSX-bright clumps are associated with IRAS point sources (the IRAS sources 13037-6112, 13039-6108, and 13042-6105; hereafter, IRAS 13037, etc.) . The remaining eight clumps (67% ± 24%) were found to appear dark in the MSX 8 µm image. Miettinen (2012a; hereafter, Paper II) presented the first molecular spectral line observations along the entire filamentary structure of G304.74. All 12 of the aforementioned LABOCA 870 µm identified clumps were observed in C 17 O(2 − 1), and selected clumps were also observed in 13 CO(2 − 1), SiO(5 − 4), and CH 3 OH(5 k − 4 k ). The C 17 O(2 − 1) radial velocities of the observed clumps across the whole cloud were found to be comparable to each other, which shows that G304.74 is a spatially coherent filamentary structure (the average C 17 O(2−1) radial velocity of the filament was derived to be v LSR = −26.7 km s
−1
). In Paper II, the kinematic distance of G304.74 was derived to be d = 2.54 ± 0.66 kpc using the Galactic rotation curve of Reid et al. (2009) . This is consistent with a value of 2.44 kpc derived earlier by Fontani et al. (2005) for IRAS 13039 using the Brand & Blitz (1993) rotation curve. For comparison, the revised kinematic distance calculator of Reid et al. (2014) yields a distance of d = 2.31 +0.72 −0.61 kpc for G304.74 (based on the model A5 of Reid et al. (2014) ; see their Table 4 ). The Bayesian distance calculator of Reid et al. (2016) gives a distance of d = 2.03 ± 0.63 kpc for G304.74 when no prior information is given to resolve the near-far kinematic distance ambiguity 1 . The Bayesian approach of Reid et al. (2016) can significantly improve the accuracy and reliability of the distances to sources that are associated with the spiral arms of the Galaxy. However, no spiral arm association could be determined for G304.74, and hence its distance estimate is fairly uncertain. For this reason, the kinematic distance derived in Paper II, which is consistent within the uncertainties with the other aforementioned values, is adopted in the present work.
The line observations presented in Paper II were used to revise the distance-dependent physical properties of G304.74 and its clumps that were derived earlier in Paper I, and to examine the gas kinematics, dynamical state, and some chemical properties of the clumps, such as the degree of CO depletion. The 870 µm dust-inferred total mass of the filament was estimated to be ∼ 1 200 M ⊙ , and its projected extent along the long axis was measured to be 8.9 pc. The corresponding line mass (mass per unit length) of the LABOCA filament is about 135 M ⊙ pc −1
. The LABOCA clumps were found to exhibit transonic to supersonic non-thermal motions, and a virial parameter analysis suggested 1 The web-based Reid et al. (2014 Reid et al. ( , 2016 kinematic distance calculators are available at http://bessel.vlbi-astrometry.org.
that most of them (75% ± 25%) are gravitationally bound. The five 13 CO(2 − 1) lines detected towards G304.74 were found to exhibit blue asymmetric profiles, which was interpreted to be an indication of large-scale infall motions. However, the presence of different velocity components along the line of sight can also produce such line profiles (e.g. Henshaw et al. 2012) . No evidence of significant CO depletion in G304.74 was found in Paper II, which can be understood if the feedback effects of star formation in the cloud, such as heating and protostellar outflows, have released the CO molecules from the icy grain mantles back into the gas phase. We note that Fontani et al. (2012) , who used C 18 O(3 − 2) observations, derived a very high CO depletion factor of f D = 22 towards a selected position in G304.74 (their source 13039-6108c6). However, their target position appears to lie outside significant LABOCA 870 µm emission of the cloud (just outside the 3σ level, and 17 ′′ . 2 to the south-east of the peak position of our LABOCA clump called SMM 9; see Sect. 2.2). Indeed, no strong C 18 O(3 − 2) emission is to be expected from the target position observed by Fontani et al. (2012) because the critical density of the transition is 3 × 10 4 cm −3 at 10 K. For comparison, in Paper II we found no evidence of CO depletion towards SMM 9 ( f D = 1.2 ± 0.6), which was the nearest of our target positions to that observed by Fontani et al. (2012) .
Regarding the clumps' ability to form massive stars, it was found in Paper II that none of the clumps fulfils the mass-radius threshold for massive star formation proposed by KP10. Hence, it was concluded that the clumps of G304.74 might only be able to give birth to low to intermediate-mass stars, but owing to the high masses of the clumps, the star formation process could occur in a clustered mode.
Regarding the global characteristics of G304.74, in Paper II it was found that the LABOCA filament as a whole has the potential to be close to virial equilibrium between gravitational and turbulent energies. Our analysis of the cloud's virial line mass suggested that it could receive additional support against radial collapse from a poloidal magnetic field component (following the models of Fiege & Pudritz (2000a) ). We also suggested that the ambient turbulent ram pressure might be an important factor in the dynamics of G304.74, which is qualitatively consistent with a scenario where the filament was formed by converging, supersonic turbulent flows (Paper I). The projected separations between the LABOCA clumps were found to be consistent with a theoretical prediction of the so-called sausage-type fluid instability, which can lead to a periodic fragmentation of the filament (e.g. Chandrasekhar & Fermi 1953) , and which has been found to be a potential fragmentation mechanism for other IRDC filaments as well (e.g. Jackson et al. 2010; Miettinen 2012b; Busquet et al. 2013) .
In this paper, we present the results of our new dust continuum follow-up imaging of the IRDC G304.74, which was carried out using the Submillimetre APEX Bolometer Camera (SABOCA; Siringo et al. 2010 ) at 350 µm. In particular, the present SABOCA data allowed us to build a new, ∼ 0.1 pc resolution view of the dense internal structure of the cloud and its fragmentation into star-forming units. To complement our SABOCA data, we employed our previous LABOCA data, and the far-IR and submm data from Herschel (Pilbratt et al. 2010) 2 . We also used the observations by the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) , which provide a sensitive, high-resolution view of the near and mid-IR properties of G304.74. Most notably, the WISE data sets allowed us to characterise the star-forming activity in G304.74. As mentioned above, G304.74 is not covered by the Spitzer IR observations, and hence the WISE data for the cloud are particularly useful.
The layout of this paper is as follows. The SABOCA observations, the data reduction, and the ancillary data sets are described in Sect. 2. The analysis and its results are presented in Sect. 3. In Sect. 4, we discuss the results, and in Sect. 5 we summarise our results and present our main conclusions. (Güsten et al. 2006 ). The instrument is a 37-channel on-sky transition edge sensor (TES) bolometer array operating at 350 µm, with a nominal angular resolution of 7 ′′ . 7 (half power beam width (HPBW)). The effective field of view of the array is 1 ′ .5. The SABOCA passband has an equivalent width of about 120 GHz centred on an effective frequency of 852 GHz. The observations were carried out on 6 June 2012. The average scanning speed was ∼ 1 ′ .4 s −1
Observations
, and the total on-source integration time was about 3 h (during the UTC time range 02:01-05:16).
The atmospheric attenuation at 350 µm was monitored using the sky-dip method, and the zenith opacity was found to be in the range τ 350 µm z = 1.09 − 1.22. The amount of precipitable water vapour was ∼ 0.5 mm. The telescope focus and pointing were optimised and checked at regular intervals on the planets Mars and Saturn, the galaxy Centaurus A (NGC 5128), the H ii region and OH maser source 034.257+0.155, and the massive young stellar object (YSO) and H 2 O maser source G305.80-0.24 (B13134). The absolute calibration uncertainty for SABOCA is ∼ 30% (Dumke & Mac-Auliffe 2010) .
The SABOCA data were reduced using the Comprehensive Reduction Utility for SHARC-2 (CRUSH-2, version 2.12-2; Kovács 2008) 3 . We used the pipeline iterations with the default reduction parameters, and also with the extended and deep reduction options, which better preserve the extended source structures and recover the point-like sources, respectively. The deep option, which performs strong spatial filtering (angular scales larger than 37 ′′ . 5 are not recovered), turned out to give the best image quality, and hence was chosen for the subsequent analysis. The default settings and extended option both resulted in maps with higher levels of noise than the deep option. In addition, the extended option led to artificial large-scale features at the edges of the map.
To improve the image quality further, and increase the signalto-noise (S/N) ratio of the detected emission, the map was smoothed with a Gaussian kernel of the size 4 ′′ . 97 (in addition to the instrument beam full width at half maximum (FWHM) of 7 ′′ . 5 assumed by CRUSH-2). Hence, the effective angular resolution of our final SABOCA map is 9 ′′ (0.11 pc at 2.54 kpc). The gridding was performed with a cell size of 1 ′′ . 5. The resulting 1σ root-mean-square (rms) noise level in the final map, which is shown in the left panel in Fig. 1 , is ∼ 200 mJy beam −1 . The SABOCA 350 µm imaging of G304.74 reveals its narrow, integral-shaped filamentary structure. The emission at low spatial frequencies, that is emission on large angular scales, was efficiently filtered out during the atmospheric sky noise removal. As is often the case in dust continuum maps observed with ground-based bolometer arrays, there are artificial bowls of negative emission, or holes around regions of bright emission. Besides the calibration uncertainties, the negative regions are likely to introduce uncertainties in the absolute source flux densities.
LABOCA 870 µm data
Our LABOCA 870 µm observations were first published in Paper I. The data were originally reduced using the BOlometer array data Analysis software (BoA; Schuller 2012). To be better comparable with the present SABOCA data, we re-reduced the LABOCA data using CRUSH-2 with the aforementioned deep option. The data were smoothed using a Gaussian kernel of the size 3 ′′ . 76, while the instrument beam FWHM used in CRUSH-2 is assumed to be 19 ′′ . 5. Hence, the angular resolution of the final image is 19 ′′ . 86 (0.24 pc). The gridding was performed with a cell size of 4 ′′ . 0. The resulting 1σ rms noise level in the final map, which is presented in the right panel in Fig. 1 , is 40 mJy beam The peak positions of the clumps in our revised LABOCA map were found to be systematically shifted to the east or southeast with respect to the map presented in Paper I. On average, the angular offset was found to be 10 ′′ (median 9 ′′ . 3). Such angular offset between APEX continuum maps reduced using BoA and CRUSH-2 is consistent with our previous finding for the Orion B9 star-forming region (Miettinen et al. 2012) . However, the peak surface brightnesses of the clumps in the new LABOCA map were found to be in very good agreement with those derived in Paper I, both the mean and median ratio between the two being 1.09.
We note that similar negative features are seen around the LABOCA filament as in the SABOCA image, and hence some of the LABOCA flux densities can suffer from an uncertain absolute intensity scale. Besides this effect, another possible caveat is that our 870 µm continuum data could be contaminated by the 12 CO(3−2) rotational line emission, which has the rest frequency of 345 GHz (Drabek et al. 2012) . The presence of significant CO(3 − 2) emission is to be expected on the basis of the finding that CO does not appear to be depleted in G304.74 (Paper II), but to properly quantify the CO contribution to the LABOCA signal would require the cloud to be mapped in CO(3 − 2) emission.
Herschel far-infrared and submillimetre data
The IRDC G304.74 lies within the Coalsack dark cloud field that was observed as part of the Herschel Gould Belt Survey (GBS; André et al. 2010) 4 . To complement our APEX submm dust continuum data for G304.74, we downloaded the Spectral and Photometric Imaging Receiver (SPIRE; Griffin et al. 2010) 
′′
, respectively. We note that the angular resolution of our SABOCA map is about 2.8 times higher than that of the A&A proofs: manuscript no. AA_2017_31704 SPIRE 350 µm map. On the other hand, the spatial filtering by SABOCA is stronger than in the Herschel data, which makes SABOCA more sensitive to compact point-like sources, but insensitive to diffuse, large-scale emission seen by Herschel.
The projected morphology of G304.74 in the SPIRE images resembles that of a seahorse. Hence, following the nickname for the IRDC G338.4-0.4, that is the Nessie Nebula , and that for the IRDC G11.11-0.11, the Snake Nebula (e.g. Wang et al. 2014 , and references therein), we propose that G304.74 could be dubbed the Seahorse Nebula.
WISE near and mid-infrared data
To reach a better understanding of the star formation activity in G304.74, we employed the IR data taken by WISE. As mentioned in Sect. 1, the WISE IR observations are of particular interest for G304.74, because the IRDC is not covered by the Spitzer images owing to the high Galactic latitude of the cloud.
The WISE satellite surveyed the entire sky at 3.4, 4.6, 12, and 22 µm (channels W1-W4). The estimated 5σ point-source sensitivities at these wavelengths are better than 0.068, 0.098, 0.86, and 5.4 mJy (or 16.83, 15.60, 11.32, and 8.0 in Vega magnitudes) , where the exact value depends on the ecliptic latitude of the observed field. The angular resolution (FWHM) of the WISE images in the aforementioned four bands is 6 ′′ . 1, 6 ′′ . 4, 6 ′′ . 5, and 12 ′′ . 0, respectively. The WISE All-Sky Data Release is available through the NASA/IPAC Infrared Science Archive (IRSA) 6 . The WISE images towards G304.74 are shown in Fig. 3. 6 http://wise2.ipac.caltech.edu/docs/release/allsky/.
Analysis and results

Source extraction from the SABOCA and LABOCA maps
To extract the sources from our new SABOCA 350 µm map, we used the BLOBCAT source extraction software, which is written in Python (Hales et al. 2012) . The code makes use of the the flood fill algorithm to detect individual islands of pixels (or blobs) in two-dimensional images, and its performance was benchmarked against standard Gaussian fitting. While BLOBCAT is most often used in extragalactic studies (e.g. Hales et al. 2014; Smolčić et al. 2017 ), the present work demonstrates its application in a Galactic study. As the background rms noise level, we used a uniform value of 0.2 Jy beam −1
. The S/N threshold for blob detection was set to S/N thres = 4, and the flooding cut-off threshold was set to S/N cut = 3, that is the flooding was performed down to 3σ (for details, see Sect. 2.2 in Hales et al. 2012) .
Similarly, and to be consistent with the SABOCA source extraction, the sources in the LABOCA map were extracted using BLOBCAT. Again, a uniform rms noise level (40 mJy beam −1 ) was used in the extraction process. Compared to the SABOCA image, G304.74 appears as a more continuous filamentary structure in the LABOCA map. Hence, to recover the visually prominent clumps (Fig. 1, right panel) , which were also identified in Paper I, the values of S/N thres and S/N cut were both varied from 3 to 7.5, with the most succesful extraction (five clumps) yielded by the parameters S/N thres = S/N cut = 5. We note that varying values of S/N thres and S/N cut are not expected to introduce any significant bias in the blob detection from the G304.74 LABOCA filament owing to its fairly continuous structure, and the fact that the clumps are of different surface brightness.
The identified LABOCA clumps are tabulated in Table 1. Besides the 12 clumps identified in Paper I using the two-dimensional contouring algorithm clfind2d ( Williams et al. 1994) , two additional sources were extracted by the present BLOBCAT analysis. We call these sources BLOB 1 and BLOB 2, where the former lies in between SMM 3 and SMM 4, and the latter is a separate blob south of BLOB 1 (Fig. 1 , right panel). In Table 1 , we list the positions of the peak emission of the LABOCA clumps, the detection S/N ratio, the peak surface brightness, the integrated flux density, and the effective radius of the source. The aforementioned clump porperties were output by BLOBCAT, and the intensity and flux density uncertainties were calculated by taking the absolute calibration uncertainty into account, which was added in quadrature to the uncertainty output by BLOBCAT. The effective radius tabulated in Table 1 is defined as R eff = A proj /π, where A proj is the projected area within the source, and it was calculated from the total number of pixels assigned to the clump by BLOBCAT. The clumps SMM 6, SMM 8, IRAS 13042, and BLOB 1 were found to have an effective radius smaller than half the beam FWHM. Hence, an upper limit of < 0.5 × θ beam was assigned to the radius of these sources. The effective radii were not corrected for the beam size. We note that BLOBCAT does not provide parametric source sizes for a quantitative analysis. The identified SABOCA sources are tabulated in Table 2 . Owing to the small sizes of the sources, we call them cores, as opposed to the larger clumps detected in the LABOCA map. The LABOCA clumps SMM 1, SMM 4, SMM 6, and IRAS 13039 were resolved into two or more SABOCA cores (see Fig. 4 ). We call these cores as SMM 1a, SMM 1b, etc., where the alphabetical tags follow the order of an increasing S/N ratio of the source. The LABOCA sources SMM 5, SMM 8, and BLOB 1 were not detected in our SABOCA map. The reason for this is that the emission was resolved out at 9 ′′ resolution. For example, the latter sources were recovered in the SABOCA map after smoothing it to the resolution of our LABOCA map (19 ′′ . 86), where the corresponding 1σ rms noise level is 180 mJy beam −1 . Considering the cloud physical properties that depend on the flux density of the submm dust emission, such as the dust-based mass estimates, it is worth mentioning that some percentage of the emission is being filtered out in our bolometer dust emission maps (Sect. 2.1). By comparing the SABOCA 350 µm flux density of the G304.74 filament to that estimated from the Herschel 350 µm map suggests that as much as ∼ 80% of the lower surface brightness 350 µm emission might have been filtered out in the present SABOCA map. However, this should be taken as a rough estimate only because the Herschel/SPIRE images used in the present study have not been calibrated to an absolute intensity scale. Similarly, to estimate how much flux is filtered out in our LABOCA 870 µm map, we used the Planck 353 GHz thermal dust emission map as a reference (a public data release 2 product available through IRSA; see Planck Collaboration et al. 2014) . To take the frequency difference between our LABOCA data and the Planck data into account, the Planck flux was scaled down by assuming that the dust emissivity index is β = 1.8, which corresponds to a Galactic mean value derived through Planck observations (Planck Collaboration et al. 2011 ). This way, we estimate that about ∼ 35% of the 870 µm emission might have been filtered out in our LABOCA map. The filtered dust emission should be kept in mind in the calculation of the dust-based physical properties of G304.74.
A quantitative estimate of the completeness of our census of the SABOCA and LABOCA sources in G304.74 could be obtained through simulations of artificial source extractions (see e.g. Weiß et al. 2009; Könyves et al. 2015; Marsh et al. 2016 ). However, rather than being a general (blind) dust continuum imaging survey, the present study focuses on a continuous highcolumn density filament. The separation of such filament into clumps and cores can be highly sensitive to the source extraction algorithm used, and the adopted extraction parameter settings. This, together with the fact that the background SABOCA and LABOCA emissions around the G304.74 filament show fluctuations (the negative features in Fig. 1 ), renders the completeness analysis problematic. On the other hand, our SABOCA and LABOCA sources are of high significance (S/N SABOCA = 4.0−11.8 with an average of S/N SABOCA = 7.2; S/N LABOCA = 5.8−14.6 with an average of S/N LABOCA = 9.6). Hence, our submm source catalogues are unlikely to contain spurious sources.
WISE infrared counterparts of the submillimetre sources
To examine which percentage of the SABOCA cores have an IR counterpart, and are hence candidates for hosting YSOs, we cross-matched our SABOCA source catalogue with the All- 
WISE Source Catalogue
7
, which contains ∼ 7.5×10 8 sources. As a matching radius, we used a value of 9 ′′ , which corresponds to the SABOCA beam FWHM. For the LABOCA clumps SMM 5, SMM 8, and BLOB 1, which were not detected in our 9 ′′ resolution SABOCA map, we performed the cross-match with the All-WISE catalogue using the LABOCA peak position. The WISE IR counterparts of the submm sources in G304.74, and their Vega magnitudes in the four WISE bands are listed in Table 3 .
We found that 14 out of the 20 submm sources listed in Table 3 have a counterpart in the AllWISE catalogue. However, the WISE catalogue contains also other types of IR sources than YSOs, such as foreground stars and extragalactic objects, which 7 http://irsa.ipac.caltech.edu/data/download/wise-allwise/.
can be seen in projection towards the submm sources. On the other hand, the fairly high latitude of G304.74 reduces the likelihood of contamination by background stars.
To investigate the nature of the identified WISE sources, we employed the WISE colour criteria by Koenig et al. (2012;  their Appendix), which are based on earlier Spitzer colour criteria (e.g. Gutermuth et al. 2008) . In particular, the Class I YSO candidates are red objects whose WISE colours are expected to obey the inequalities Notes. The columns are as follows: (1) source name; (2) and (3): coordinates of the emission peak position; (4) S/N ratio of the source; (5) peak intensity; (6) integrated flux density; (7) and (8) Notes. The meaning of columns are as in Table 1 . The LABOCA sources SMM 5, SMM 8, and BLOB 1 were not detected in the SABOCA map. Koenig et al. 2012 ). This could also explain the large projected separations between the SABOCA peak and the WISE source for SMM 1b (8 ′′ . 9 (0.11 pc)) and SMM 8 (7 ′′ . 3 (0.09 pc)). The WISE source lying 5 ′′ . 6 from the dust peak of SMM 6c has the colours [3.4] − [4.6] = 2.3 and [4.6] − [12] = 2.0, where the latter colour places it just in between the formal classifications of a Class I object and a shock feature. Nevertheless, SMM 6c appears to be associated with an ongoing star formation. The WISE source seen 6 ′′ . 0 of SMM 7 is so weak that it is likely to be an extragalactic object (either a star-forming galaxy or an active galactic nucleus; Koenig et al. 2012 ).
For comparison, we also cross-matched our SABOCA core catalogue with the WISE YSO catalogue of Marton et al. (2016) . The latter catalogue is based on the aforementioned AllWISE catalogue, which was explored by Marton et al. (2016) using the Support Vector Machine as a supervised machine learning method. This way, the authors were able to effectively remove the contaminants, such as extragalactic sources and evolved stars. The final Class I and II YSO candidate catalogue of Marton et al. (2016) contains 133 980 sources. However, using the same matching radius of 9 ′′ as above, only the WISE source associated with SMM 2 was found in the Marton et al. (2016) catalogue. Such low counterpart matching rate can, at least partly, be explained by the initial selection made by Marton et al. (2016) , that is the authors selected only the brightest WISE sources (S/N > 3) that benefit from high-quality near-IR photometry (errors < 0.1).
A&A proofs: manuscript no. AA_2017_31704
To conclude, 13 out of the 20 submm sources listed in Table 3 appear to be associated with star formation, and hence the candidate YSO percentage among the sources is 65% ± 18%. Other way round, the percentage of IR-dark objects in G304.74 is 35% ± 13%.
Physical properties of the LABOCA and SABOCA sources
In this subsection, we revise the basic physical properties of the LABOCA clumps from those presented in Papers I and II, and derive the physical properties for the SABOCA cores identified in the present work.
First, we derived the dust temperatures (T dust ) for the LABOCA clumps using the Herschel/SPIRE flux density ratios (see e.g. Eqs. (4a) and (4b) in Shetty et al. 2009 ). The advantage of using ratios among flux densities at three different wavelengths (250, 350, and 500 µm in our case) is that no assumption about the value of the dust emissivity index β is required (except that the value is assumed to be constant across the source). For the purpose of this calculation, the SPIRE 250 µm and 350 µm images were smoothed to the resolution of the SPIRE 500 µm image (36 ′′ . 3), and also regridded to the pixel size of the 500 µm image (14 ′′ ). As the source flux densities we used the peak surface brightness values owing to the large beam size of the maps. The derived temperatures are tabulated in Table 4 . Although the Herschel images used here have not been calibrated to an absolute intensity scale, the employed method of using flux density ratios in the calculation of T dust is not (significantly) subject to the absolute flux density values. However, construction of a T dust map derived using a pixel-by-pixel modified black-body (MBB) fitting would require the properly calibrated data. We also note that a value of T dust = 22.2 K derived for IRAS 13039 is very similar to a dust temperature of 22 K derived in Paper I through fitting the source spectral energy distribution (SED) with a MBB function, and comparable to the C 17 O rotation temperature of T rot = 18 K derived by Fontani et al. (2005) . The MBB-inferred dust temperature of 22 K for IRAS 13037 in Paper I is also comparable to the present estimate of 20 K.
The total (gas plus dust) masses of the LABOCA and SABOCA sources were estimated from the integrated flux densities using the standard optically thin dust emission formulation and the dust temperatures derived above (see e.g. Eq. (6) in Paper I). The dust opacities per unit dust mass at 870 µm and 350 µm were assumed to be κ 870 µm = 1.38 cm . However, the present assumption of grains with thin ice mantles is supported by the finding of no significant CO depletion in Paper II. The dust-to-gas mass ratio was fixed at a canonical value of R dg = 1/100. The mass uncertainties were propagated from the flux density uncertainty and kinematic distance uncertainty (M ∝ S d 2 ). The derived masses of the LABOCA clumps are listed in column (3) in Table 4 , while those of the SABOCA cores are tabulated in column (2) in Table 5. For all the SABOCA cores that belong to a common clump (e.g. SMM 1a and SMM 1b), the dust temperature was assumed to be that of the parent clump (e.g. 14 K for both SMM 1a and SMM 1b). The beam-averaged peak H 2 column densities, N(H 2 ), were derived from the peak intensities of dust emission following Eq. (8) in Paper I. All the assumptions were the same as above in the mass calculation. The mean molecular weight per H 2 molecule, which is needed in the calculation of N(H 2 ), was assumed to be µ H 2 = 2.82, which is based on the assumption that the He/H abundance ratio is 0.1 (Kauffmann et al. 2008) . The derived values are listed in column (4) in Table 4 , and column (3) in Table 5 . The uncertainties in N(H 2 ) were propagated from the intensity uncertainties.
Finally, we derived the volume-averaged H 2 number densities, n(H 2 ) , for the LABOCA clumps and SABOCA cores. For this calculation, we used Eq. (7) of Paper I, which is based on the assumption of a spherical source with radius R eff . The values are tabulated in the last columns of Tables 4 and 5 , where the quoted uncertainties were propagated from those of M and R eff .
Regarding the statistics of the derived physical properties, the mean value of the dust temperature was found to be T dust = 15.0 ± 0.8 K, where the quoted uncertainty is the standard error of the mean (i.e. σ/ √ N, where σ is the standard deviation, and N the sample size). The mean values of the mass, H 2 column density, and H 2 number density for the LABOCA (SABOCA) sources were found to be 55 ± 10 M ⊙ (29 ± 3 M ⊙ ), (2.0 ± 0.2) × 10 ), respectively. To calculate the sample average of the H 2 number densities, we applied survival analysis to take the lower limit values (right-censored data) into account. It was assumed that the right-censored data follow the same distribution as the uncensored values, and we used the Kaplan-Meier method to construct a model of the input data. For this purpose, we used the Nondetects And Data Analysis for environmental data (NADA; Helsel 2005) package for R.
Discussion
4.1. General characteristics of the filamentary structure of G304.74+01.32
The mean dust temperature we derived towards the clumps in G304.74, 15.0±0.8 K, is very similar to the average NH 3 rotation temperature of T rot = 15 K derived for a large sample of 109 IRDCs by Chira et al. (2013) . Indeed, the high gas density of the G304.74 filament (the average H 2 number density estimated for the LABOCA clumps is (3.1 ± 0.2) × 10
) has likely led to the coupling of the gas and dust temperatures (Goldsmith 2001) .
The total projected length of G304.74, as seen in both the LABOCA and SABOCA maps, is ∼ 12 ′ , or ∼ 8.9 ± 2.3 pc. On the other hand, the mean effective radius of the LABOCA (SABOCA) filament is 14 ′′ . 1 (7 ′′ . 4). Hence, the aspect ratio of the LABOCA (SABOCA) filament is r aspect ≃ 26 (r aspect ≃ 49). The projected width of the LABOCA filament in linear units is 0.35 ± 0.09 pc, while that of the SABOCA filament is 0.18 ± 0.05 pc. The latter value is consistent with a width of ∼ 0.1 pc, which is found to be fairly common among interstellar filaments, and it is also comparable with the width of a filamentary cloud expected in the scenario of filament formation as a result of converging turbulent flows (e.g. Palmeirim et al. 2013 , and references therein). Overall, the centrally concentrated dust distribution of G304.74 as seen in the SABOCA map resembles the SABOCA maps of IRDCs by Ragan et al. (2013) .
The total mass of the LABOCA filament can be estimated to be 773 ± 131 M ⊙ as the sum of the clump masses from Ta- 
Notes.
The magnitudes are given in the Vega system, and they were taken from the AllWISE catalogue. The catalogue magnitudes were measured with profile-fitting photometry, and they represent the total in-band brightnesses. The magnitude upper limits refer to the 95% confidence brightness limit.
(a) Classification of the WISE source on the basis of the Koenig et al. (2012) colour criteria. All the other sources are expected to be embedded YSOs, except that SMM 1b and SMM 8 are associated with shock emission knots, SMM 6b has the colours in between an embedded YSO and a shock feature, and the WISE source seen towards SMM 7 is likely to be an extragalactic object, that is a star-forming galaxy or an active galactic nucleus. (b) No WISE counterpart was found within 9 ′′ . We note that there is a WISE source 9 ′′ . 1 away from SMM 9 (J130713.09-612238.2; W1 = 12.765 ± 0.051, W2 = 11.929 ± 0.029, W3 > 10.159, W4 = 7.549 ± 0.117). Its WISE colours are not consistent with an embedded YSO, but it could be a foreground star (Koenig et al. 2012) .
(c) The source was not detected in the SABOCA map, and hence the WISE counterpart refers to the LABOCA peak position. 14.0 128 ± 68 2.6 ± 0.4 1.5 ± 0.8 SMM 2 12.5 64 ± 34 2.4 ± 0.3 2.4 ± 1.3 SMM 3 13.7 71 ± 38 2.5 ± 0.4 3.6 ± 1.9 SMM 4 13.2 136 ± 73 3.5 ± 0.5 3.8 ± 2.0 IRAS 13037 20.0 59 ± 31 1.4 ± 0.2 3.5 ± 1.8 SMM 5
14.0 23 ± 13 1.4 ± 0.3 2.9 ± 1.6 SMM 6 14.1 34 ± 18 2.2 ± 0.3 > 1.5 a SMM 7 14.5 41 ± 22 1.7 ± 0.3 2.9 ± 1.5 IRAS 13039 22.2 58 ± 31 1.4 ± 0.2 2.1 ± 1.1 SMM 8 13.9 24 ± 13 1.6 ± 0.3 > 1.1 a SMM 9 16.3 54 ± 29 1.9 ± 0.3 4.5 ± 2.4 IRAS 13042 15.1 17 ± 10 1.1 ± 0.2 > 0.7 a BLOB 1 11.5 39 ± 21 2.6 ± 0.4 > 1.8 BLOB 2 14.9 23 ± 13 1.3 ± 0.2 3.6 ± 2.0
(a) The effective radius of the clump was unresolved, and hence only a lower limit to the number density could be calculated. The uncertainty in the density is taken into account in the quoted lower limit value. ble 4. Similarly, the sum of the SABOCA core masses (Table 5) suggests that the SABOCA filament's mass is 327 ± 56 M ⊙ , that is about 42% of the mass of the LABOCA filament. The line masses of the LABOCA and SABOCA filaments are hence estimated to be M . The former value is smaller by a factor of 1.55 ± 0.48 than the line mass estimated in Paper II owing to the 31 ± 18 4.3 ± 1.4 7.9 ± 4.8 SMM 1b 31 ± 19 2.5 ± 0.9 10.8 ± 6.5 SMM 2 24 ± 15 4.7 ± 1.6 16.0 ± 9.7 SMM 3 29 ± 18 5.2 ± 1.7 10.0 ± 6.0 SMM 4a 46 ± 28 4.9 ± 1.6 7.1 ± 4.3 SMM 4b 30 ± 18 3.5 ± 1.2 10.1 ± 6.1 SMM 4c 14 ± 8 2.7 ± 1.0 21.8 ± 13.4 IRAS 13037a 11 ± 7 2.0 ± 0.6 3.7 ± 2.2 IRAS 13037b 7 ± 4 1.1 ± 0.5 4.4 ± 2.7 SMM 6a 37 ± 20 3.6 ± 1.2 7.3 ± 4.0 SMM 6b 7 ± 5 2.4 ± 0.9 > 2.7 a SMM 7 14 ± 9 2.4 ± 0.9 9.7 ± 5.9 IRAS 13039a 13 ± 8 1.6 ± 0.5 1.7 ± 1.0 IRAS 13039b 3 ± 2 7.6 ± 0.3 4.4 ± 2.7 SMM 9 18 ± 11 3.6 ± 1.1 6.0 ± 3.6 IRAS 13042 8 ± 5 2.3 ± 0.8 12.2 ± 7.6 BLOB 2 5 ± 3 1.6 ± 0.6 > 1.8 a Notes. The quoted physical properties of the cores were calculated by assuming the parent clump dust temperatures from column (2) in Table 4 . (a) The effective radius of the core was unresolved, and hence only a lower limit to the number density could be calculated. The uncertainty in the density is taken into account in the quoted lower limit value. different method how the source flux densities were determined and the different assumptions about the dust temperature.
For an unmagnetised, infinite, isothermal filament, the instability is reached if the M line value exceeds the critical equilibrium value of M crit line = 2c 2 s /G, where c s is the sound A&A proofs: manuscript no. AA_2017_31704 speed and G the gravitational constant (e.g. Ostriker 1964; Inutsuka & Miyama 1992) . If the gas kinetic temperature is comparable to the average dust temperature of the filament, ∼ 15 K, the critical line mass is ∼ 25 M ⊙ pc −1 . Hence, the LABOCA and SABOCA filaments would be thermally supercritical by factors of ∼ 3.5 ± 1.1 and ∼ 1.5 ± 0.4. The latter values should be considered as lower limits owing to the emission that is being filtered out in our submm maps (Sect. 3.1). We note that if the non-thermal (turbulent) motions are important on the larger scale of LABOCA emission, the thermal sound speed in the aforementioned M . In this case, the LABOCA filament would have a M line /M crit line ratio of 0.64 ± 0.20, that is the cloud would be marginally subcritical, but near virial equilibrium within the uncertainties (see Paper II). Again, considering the filtered-out low-column density dust emission in the LABOCA map (Sect. 3.1), which leads to an underestimated mass (and hence M line ), a near virial equilibrium of the G304.74 LABOCA filament appears more likely. Moreover, non-thermal motions are unlikely to provide uniform support against gravity along the whole filament, in which case the G304.74 LABOCA filament could be supercritical. On the other hand, the width of the SABOCA filament (0.18 ± 0.05 pc) is comparable to the sonic scale below which supersonic turbulence becomes subsonic (e.g. Vázquez-Semadeni et al. 2003; Palmeirim et al. 2013 ). This supports the usage of the thermal sound speed in the calculation of M crit line above. We conclude that the G304.74 filament is (marginally) supercritical, because the cloud is fragmented into clumps and cores, and most of the cores are hosting embedded YSOs. Indeed, hierarchical fragmentation and the presence of gravitationally collapsed cores hosting newly forming stars are both expected to be found in a thermally supercritical filament, which is susceptible to fragmentation.
A potentially important role in the dynamics of filamentary molecular clouds is that played by magnetic fields. The dynamical analysis presented In Paper II suggests that the overall effect of the magnetic field on G304.74 is to provide support, and that the magnetic field configuration is poloidally dominated (see Fiege & Pudritz 2000a) . Similarly, the Snake IRDC G11.11-0.12 is likely dominated by the poloidal component of the magnetic field, and hence magnetically supported (Fiege et al. 2004 ). Fiege & Pudritz (2000b) found that model filaments with purely toroidal magnetic fields are stable against sausage instability modes, while model clouds with a poloidal field component can be unstable. This is consistent with a scenario where G304.74 fragmented into clumps as a result of sausage-type instability (see Paper II). The upcoming Herschel GBS data sets for the Coalsack region 8 allow us to map the H 2 column density distribution of G304.74, and to derive the filament's density profiles. The density distributions, in turn, can be used to constrain the magnetic model that best describes the G304.74 filament (e.g. Johnstone et al. 2003) .
The Herschel/SPIRE images shown in Fig. 2 reveal the presence of dusty striations on the western side of G304.74. The most prominent of these striations, which we call striation 1 and striation 2, appear to be oriented perpendicular to the G304.74 fila-ment. Moreover, some of the striations, most notably striation 1, can be seen in absorption in the WISE 12 µm image shown in Fig. 3 . The G304.74 filament could be in the process of accreting material along the striations, similarly to what has been suggested for the Taurus B211 filament (Palmeirim et al. 2013 ). Depending on the kinematic properties of such accretion flows, they could generate accretion shocks at the border of the G304.74 filament. Also, the kinetic energy of the incoming accretion flows could potentially be (partly) converted into turbulent motions, and hence contribute to the energy balance of G304.74.
In Paper II, we observed double-peaked 13 CO(2 − 1) lines towards the southern part of the G304.74 filament (towards the LABOCA clumps SMM 1-4 and IRAS 13037), which is an indication of gas infall motions. The infall motions, in turn, could be related to the aforementioned Herschel/SPIRE striations. The infall velocities estimated in Paper II range from v inf ∼ 0.03 km s . However, higher resolution spectral line imaging would be needed to examine the kinematics and gas dynamics of G304.74 and its surroundings further.
If the G304.74 filament has settled into near virial equilibrium as argued above, one would expect that the age of the filament is comparable to its signal crossing time, that is τ fil ∼ τ cross = 2 × R fil /σ fil , where R fil is the radius of the filament, and σ fil the gas velocity dispersion (e.g. Hernandez et al. 2012) . If σ fil is 0.54 km s −1 as we estimated in Paper II, the crossing time for the G304.74 LABOCA filament would be ∼ 6×10 5 yr. On the other hand, one potential scenario for the formation of filamentary IRDCs (and other types of filamentary molecular clouds) is that they originate in the merging process of converging gas flows (e.g. Jiménez-Serra et al. 2010; Beuther et al. 2014, and references therein) . Following the analysis of Hernandez et al. (2012; Sect. 5 therein) , the time required for the G304.74 LABOCA filament to form through the merging of two converging flows would be τ form ∼ 1.2 Myr, but this estimate should be taken as a rough estimate only because of the unknown velocities and gas densities of the colliding parent flows. Nevertheless, the aforementioned timescale estimates suggest that G304.74 could have reached virial equilibrium even in the case the filament was formed only about 1.2 Myr ago. A similar conclusion was reached by Hernandez et al. (2012) for the filamentary IRDC G035.39-00.33.
The WISE colours of the YSOs found in G304.74 refer to Class I objects (Sect. 3.2). The lifetime of such objects is estimated to be ∼ 0.5 Myr (Evans et al. 2009 ), and less for higher mass YSOs. Hence, the formation of stars in G304.74 might have started soon after the cloud was formed, or already during the cloud formation process (cf. the aforementioned crossing time of τ cross ∼ 0.6 Myr). One potential route for a rapid star formation is the elevated protostellar accretion rates at the early cloud formation stages owing to the cloud-forming supersonic colliding flows (e.g. Banerjee et al. 2009 ).
Hierarchical fragmentation of the G304.74+01.32 filament
In Paper II, we suggested that the G304.74 LABOCA filament has fragmented into clumps through a sausage-type fluid instability mechanism. The chief argument behind this conclusion was that the observed mean projected separation between the clumps (∼ 0.75 pc) is comparable with a theoretical prediction of the sausage instability framework. In the present study, the separations between the LABOCA clumps are found to range from 0.39 pc to 1.33 pc with a mean of 0.77 ± 0.09 pc. Although the average width of the LABOCA filament, as calculated from the clump effective radii, is only 0.35±0.09 pc (Sect. 4.1), its average width across the 3σ emission is about 0.72 pc (based on separate measurements for the northern and southern filaments using rectangles that just enclose the 3σ contours). The observed clump separation interval is fairly similar to the aforementioned total width of the filament, which is also expected from the fragmentation of a magnetised, cylindrical cloud (Nakamura et al. 1993 ).
In the case of gravitational fragmentation of a finite, cylindrical cloud, the number of fragments that form along the cylinder can be expressed as N frag ≃ 0.5 × r aspect (e.g. Bastien et al. 1991; Wiseman & Ho 1998) . If the fragmentation of the LABOCA filament into clumps were due to such gravitational instability, one would expect the number of clumps to be about 13 (Sect. 4.1), or 0.5×8.9/0.72 ≃ 6 if the aspect ratio is calculated using the aforementioned width of the 3σ emission level of the cloud. Interestingly, the former value is very close to the number of clumps (14) identified in the present work. For the denser SABOCA filament, the number of fragments expected from its aspect ratio is about 25, while the number of SABOCA cores is 17. However, because three of the LABOCA clumps were resolved out in our SABOCA map, the true number of cores is about 20 or more (see below), and hence comparable to the predicted value. An obvious caveat in this analysis is that G304.74 is not perfectly cylindrical in shape, and its true length (the longest axis) could be longer owing to a possible inclination angle of the cloud, in which case the true aspect ratio (and hence N frag ) would be higher. Nevertheless, it seems possible that the densest portion of the G304.74 filament, particularly that traced by SABOCA, underwent Jeans-type gravitational fragmentation.
The present SABOCA data show that the LABOCA clumps in G304.74 are composed of smaller cores. The zoom-in images towards all the LABOCA clumps are shown in Fig. 4 . The percentage of clumps that are found to be fragmented into cores, or the multiplicity fraction, is 36%±16%. This percentage should be taken as a lower limit because three of the LABOCA clumps were resolved out in our SABOCA image, and those clumps could contain two or more cores. Figure 4 also shows that some of the cores that were treated as a single source in our BLOBCAT analysis appear to host an additional component. These sources are SMM 1a, SMM 4a, SMM 4b, SMM 6a, SMM 7, and IRAS 13039a. If SMM 7 is indeed fragmented as suggested by Fig. 4 , the aforementioned multiplicity fraction would be 43% ± 17%. The mean core separations in the fragmented LABOCA clumps are tabulated in Table 6 . These values were calculated by taking the aforementioned additional substructures into account. On average, the cores are projectively separated by 0.22 pc.
The observed core separations can be compared with the Jeans length
where ρ is the mean mass density. The values of λ J calculated using the dust temperatures and densities from Table 4 are tabulated in Table 6 . The quoted uncertainties were propagated from the density uncertainties. The derived λ J values are fairly similar to the observed core separations, particularly in the case of SMM 1, SMM 6, and IRAS 13039. For SMM 4 and IRAS 13037, the observed core spacings exceed the local Jeans length (by factors of 1.92 ± 0.58 and 2.56 ± 0.64), which could be an indication that the true gas temperature is higher than used in the calculation. Indeed, for SMM 4 the estimated dust temperature is only 13.2 K, but the presence of (at least) two YSOs in the clump suggests that the temperature is likely higher. An additional method to test whether a clump might have fragmented into cores via Jeans instability is to calculate its local thermal Jeans mass, which is defined by
The clump's mass can be compared with its Jeans mass, and to calculate the so-called Jeans number,
The values of M J and N J are listed in Table 6 . The uncertainties are large, but the Jeans numbers for IRAS 13037, SMM 6, SMM 7, and IRAS 13039 are comparable to the observed number of subcomponents (ranging from N J > 1 for SMM 6 to N J = 5 ± 3 for IRAS 13037 and SMM 7). For SMM 1 and SMM 4, the Jeans number is considerably larger, namely N J = 15 ± 8 and N J = 22 ± 13, respectively. The true number of cores within the clumps could well be higher, and this possibility could be tested using imaging observations at higher resolution. Also, if non-thermal motions contribute to the pressure support on clump scales, the Jeans mass would be higher, and hence the Jeans number would be lower. Overall, our Jeans analysis supports the possibility that the clumps of G304.74 fragmented into cores via Jeans gravitational instability. We conclude that G304.74 is fragmented in a hierarchical fashion, similar to that found for the Snake Nebula (Wang et al. 2014; Ragan et al. 2015 ; see also Henshaw et al. 2016 for the case of the IRDC G035.39-00.33). The parent filament might have formed through the collision of interstellar turbulent flows, and then fragmented into a chain of clump-scale structures owing to gravitational and magnetic perturbations mediated by sausage-type instability. The clumps represent the density enhancements of the filament, and the physical properties of the clumps allow the Jeans gravitational instability to become the dominant fragmentation mechanism.
Star formation in G304.74+01.32
Out of the 17 cores detected in the SABOCA map, plus the three LABOCA clumps that were resolved out in the SABOCA map (SMM 5, SMM 8, and BLOB 1), 13 appear to be associated with a YSO (or YSOs) on the basis of the WISE data (two sources exhibit WISE shock emission). Hence, the percentage of starforming cores in G304.74 is 65% ± 18%. The remaining seven sources (35% ± 13%) appear dark in the WISE IR images, and can be considered candidate starless cores. However, owing to the distance to G304.74, d = 2.54 ± 0.66 kpc, it is possible that the apparently IR-dark sources contain deeply embedded, lowluminosity YSOs, which remain below the detection limit of the WISE data. On the other hand, the dust optical thickness in the WISE W4 band at 22 µm can be high enough to render the embedded IR sources undetected (e.g. Ragan et al. 2012 ). For comparison, Henning et al. (2010 found that 11 out of their 18 cores (61% ± 18%) in the Snake IRDC are associated with Spitzer 24 µm emission, which is suggestive of a similar percentage of star-forming cores as in G304.74. Ohashi et al. (2016) found that 20/48, or 42% ± 9% of the cores identified with the Atacama Large Millimetre/Submillimetre Array (ALMA) at 3 mm in the IRDC G14.225-0.506 are star-forming, which is also consistent with our result within the Poisson counting uncertainties. Similarly, Zhang et al. (2017) found that 18/44 of their sample of IRDC cores show evidence of molecular outflows, which suggests a star-forming percentage of 41% ± 10% among the cores.
In Fig. 5 , we plot the masses of our LABOCA clumps and SABOCA cores as a function of their effective radii. These values are compared with the threshold for high-mass star formation derived by KP10, which is indicated in Fig. 5 . Considering the nominal values of M and R eff of our LABOCA clumps, only one of them, SMM 4, appears to lie above the aforementioned threshold, and hence capable of forming a massive star(s). On the other hand, none of the SABOCA cores appear to fulfil the KP10 threshold. However, owing to the large uncertainties in the derived masses and sizes of the clumps and cores, some of them could actually lie above the KP10 curve in Fig. 5 . We note, however, that the mass uncertainty was partly propagated from the distance uncenrtainty, and while a larger distance would imply a higher mass (M ∝ d 2 ), the physical size of the source would also be larger (R eff ∝ d), which would move a data point to the right in Fig. 5 . Hence, the error bars in Fig. 5 are not independent of each other.
Using radio continuum observations at 18 GHz and 22.8 GHz, Sánchez-Monge et al. (2013) found that there is an optically thin H ii region associated with IRAS 13039 in G304.74. The radio peak position lies 14 ′′ . 5 to the south-east of our SABOCA core IRAS 13039a (see Fig. 4 ). The authors did not detect 22.2 GHz water maser line emission towards the H ii region, and the source was classified as an early-stage Type 1 object (a rare case among their source sample, because only 8% of Type 1 objects were found to be associated with H ii regions). The spectral type of the central ionising star was concluded to be B1 (they adopted a distance of 2.4 kpc for IRAS 13039). Hence, the IRAS 13039 region appears to be associated with high-mass star formation, although the corresponding LABOCA clump or the SABOCA core IRAS 13039a do not fulfil the KP10 threshold (not even within the error bars plotted in Fig. 5 ). The IRAS 13039 region is surrounded by an extended, diffuse arc-like emission feature in the WISE 12 µm and 22 µm images (Fig. 3) . This could be an indication of a photodissociation region (PDR) surrounding the associated H ii region, that is a boundary between the fully ionised region and the surrounding neutral gas. The PDRs are expected to be extended and strong emitters at 12 µm. Alternatively (or additionally), the observed features in the WISE 12 µm and 22 µm images could be related to the shocks driven by stellar winds (Peri et al. 2012) . Hence, the star formation activity in IRAS 13039 can have some feedback effect on the nearby clumps (e.g. SMM 8) that can be either negative or positive in terms of star formation, that is it can either prevent or slow down the clump collapse to YSOs, or trigger star formation.
Apart from IRAS 13039, it is unclear whether the other clumps or cores in G304.74 are forming high-mass stars, or low to intermediate-mass stars. Construction and analysis of the SEDs of the detected SABOCA sources associated with the WISE detected YSOs would help to answer this question. For example, although the SMM 4 clump lies above the KP10 threshold for high-mass star formation, the clump is strongly fragmented (Fig. 4) , which might prefer the formation of a cluster of lower mass stars. However, competitive accretion in such a system could eventually lead to the formation of a high-mass star (Bonnell et al. 2001; Bonnell & Bate 2006) . Also, the aforementioned case of IRAS 13039 demonstrates that clump fragmentation does not necessarily prevent the formation of massive stars. Finally, if the clump or core can accrete more mass from the surrounding medium, for example via the filamentary striations seen in the Herschel/SPIRE images towards G304.74 (Fig. 2) , the central YSO embedded in the source can grow to become a high-mass star (e.g. Wang et al. 2011; Ohashi et al. 2016) . Article number, page 13 of 16 A&A proofs: manuscript no. AA_2017_31704 Table 6 . Projected core separations, and the Jeans instability parameters in the fragmented clumps of G304.74. Table 4 ).
(b) Number of SABOCA cores in the LABOCA clump.
(c) The mean value of the nearest-neighbour distances between the cores. The quoted uncertainty is the standard error of the mean, and it could be calculated for systems of three or more cores.
(d) The local thermal Jeans length calculated for the clump temperature from Table 4 . (e) The ratio between the observed average core separation and the Jeans length.
(f) The Jeans mass corresponding to the Jeans length in column (5).
(g) The Jeans number defined by N J = M J /M. (h) A visual inspection of the SABOCA image suggests that SMM 7 is fragmented into two cores, but our BLOBCAT analysis treated the cores as a single source.
The Seahorse Nebula in a wider context of infrared dark clouds
The studies presented in Papers I and II, together with the present results, allow us to discuss the IRDC G304.74 in a broader context of Galactic IRDCs and their nature as stellar nurseries. One fairly atypical property of G304.74 is its spatial location in the Galaxy. The Galactic latitute of G304.74, b = +1 • .32, places it about 59 pc above the Galactic plane at the near kinematic distance (Paper II, Appendix A.1 therein). This approaches the scale height of the molecular disk, that is z 1/2 ∼ 70 pc (Bronfman et al. 1988 ). On the other hand, the Galactocentric distance of G304.74 is about 7.3 kpc. For comparison, Jackson et al. (2008) found a peak in the fourth quadrant IRDC number density at a Galactocentric distance of ∼ 6 kpc, while Finn et al. (2013) found that the first quadrant IRDCs are concentrated at a Galactocentric distance of ∼ 4.5 kpc (see also Simon et al. 2006b ). These results are expected to be an indication that the IRDCs are associated with a Galactic spiral arm structure. The Galactocentric distance of the fourth Galactic quadrant IRDC G304.74 is over 20% higher than that of typical IRDCs found by Jackson et al. (2008) , which is consistent with the finding that G304.74 could not be linked to a spiral arm (Sect. 1.). The IRDC G304.74 is filamentary in shape, which is a fairly common characteristic among IRDCs. In particular, G304.74 appears remarkably similar to the IRDC G11.11-0.12, or the Snake Nebula, although the Snake is over three times longer in projection (∼ 30 pc; e.g. Kainulainen et al. 2013) . For comparison, the IRDC G338.4-0.4, or the Nessie Nebula, has an extreme projected length of ∼ 80 pc with an aspect ratio of r aspect ∼ 150 : 1 . Jackson et al. (2010) used the HNC(1 − 0) rotational line emission to estimate the line mass of the Nessie, and obtained a value of 110 M ⊙ pc −1 under the assumption that the HNC abundance is 2 × 10 −9
. Although the Nessie's line mass estimate is based on a different method than we have used, and suffers from the uncertain HNC abundance, it is comparable to that of the G304.74 LABOCA filament (M for the Snake IRDC, where the cloud mass was derived from near and mid-IR extinction data. Because the extinction technique is sensitive to low-column density material missed by bolometer dust continuum maps, a direct comparison with the present results cannot be done.
That many of the IRDCs are filamentary in shape suggests that they might have formed through ubiquitous, converging supersonic turbulent flows as seen in numerical simulation (e.g. Klessen & Burkert 2001; Banerjee et al. 2006; Girichidis et al. 2012; Federrath & Klessen 2013; Smith et al. 2014 , and references therein). Although the detailed formation mechanism(s) of self-gravitating filamentary structures remains to be understood, the observed striations around filamentary clouds, such as those seen in the present study, provide valuable insights into their formation and evolutionary processes (Palmeirim et al. 2013; Cox et al. 2016; Saajasto et al. 2017 , and references therein). In particular, the main filament can increase its mass through accretion along the striations. As in the case of the G304.74 system, the striations are typically found to be oriented perpendicular to the main filament. Moreover, the striations are found to be aligned along the magnetic field direction, and hence the main filament and the associated magnetic field are supposed to be perpendicular to each other as well (Palmeirim et al. 2013; Chen & Ostriker 2014; Inutsuka et al. 2015) . If this is indeed the case, the cloud might have originated in a self-gravitating gas layer where the magnetic field lies in the plane of the layer, and which then fragments into thermally supercritical filaments threaded by perpendicular magnetic field lines (see Nagai et al. 1998; Cox et al. 2016 ). The perpendicular striations could then represent the remnants of the original gas layer that can feed the growth of the newly formed filament. In principle, the comparatively low LABOCA line mass of the Seahorse Nebula suggests that it might be in an early stage of the accretion process, although the true mass of the filament is expected to be higher owing to the low-column density material missed by our observations.
The observational studies of the substructure characteristics of filamentary IRDCs, such as the Nessie , the Snake (Kainulainen et al. 2013) , and G11.36+0.80 (Miettinen 2012b) , strongly support the scenario where the fragmention of the parent filament into clump-sized units is driven by cylindrical fragmention, most notably via sausage fluid instability. Our results suggest that the Seahorse Nebula G304.74 is no exception: its clumps are projectively separated in a fashion predicted by the sausage instability paradigm.
As the present study of the Seahorse Nebula demonstrates, IRDCs exhibit multi-scale fragmentation. On the spatial scale probed by our SABOCA observations, the fragmentation of the clumps into smaller cores is consistent with a process of gravitational Jeans instability within the measurement uncertainties. On the other hand, in terms of angular resolution, the present study links the more typical, single-dish bolome-ter studies of poorer resolution to the higher resolution interferometric studies. The latter types of studies have revealed still smaller objects within IRDC clumps, and hence the hierarchical, multi-scale nature of the fragmentation of IRDCs (e.g. Wang et al. 2014; Ragan et al. 2015; Zhang et al. 2015; Beuther et al. 2015; Busquet et al. 2016; Henshaw et al. 2016; Ohashi et al. 2016; Kong et al. 2017a,b; Henshaw et al. 2017; Sanhueza et al. 2017) . For example, the 1.07 mm, 1 ′′ . 4 × 0 ′′ . 8 resolution ALMA observations by Henshaw et al. (2017) revealed cores with a mean effective radius of ∼ 0.02 pc in their target clump, while Sanhueza et al. (2017) , who used 1.3 mm, 3 ′′ . 5 resolution Submillimetre Array observations, resolved their target clump into five fragments with radii in the range of 0.019-0.043 pc. Sanhueza et al. (2017) concluded that the clump fragmentation is not predominantly driven by thermal or turbulent pressures. Indeed, the small-scale fragmentation of IRDCs might involve properties that cannot be captured by simple, Jeans-type gravitational fragmentation models, such as complex density profiles and the interplay between turbulence and magnetic fields (e.g. Beuther et al. 2015) . Nevertheless, high-resolution observations of IRDCs are required to improve our still incomplete understanding of the fragmentation of IRDCs down to ∼ 0.01 pc scales.
Apart from the IRAS 13039 H ii region in G304.74, the currently available observational data are not sufficient to tell whether the cloud could give birth to high-mass stars. However, the evidence of ongoing high-mass star formation in many of the Galactic IRDCs is very persuasive. This includes the presence of Class II methanol and water maser emission (Pillai et al. 2006; Wang et al. 2006; Chambers et al. 2009 ), hot molecular cores (e.g. Rathborne et al. 2008) , embedded Spitzer 24 µm sources (e.g. Chambers et al. 2009) , and ultracompact H ii regions (e.g. Battersby et al. 2010) . The presence of high-mass star formation in IRDCs is also consistent with the finding that the clouds are typically located in or near the Galactic spiral arms (Finn et al. 2013) . As discussed in Sect. 4.3, G304.74, which does not appear to be associated with a spiral arm, might represent the formation site of mostly low and intermediate-mass stars. Alternatively, at least some of the clumps and cores along the filament (besides IRAS 13039) might increase their mass sufficiently much to allow future high-mass star formation. Hence, G304.74 is a promising target source to investigate the physical conditions of clump-fed, competitive accretion mode of star formation.
Summary and conclusions
We used the SABOCA bolometer to map the filamentary IRDC G304.74+01.32 in the 350 µm dust continuum emission. These data were used in conjunction with our previous LABOCA 870 µm data for the cloud, and the Herschel far-IR to submm and WISE near-IR to mid-IR imaging data. Our main results are summarised as follows:
1. The SABOCA imaging at 9 ′′ resolution revealed that 36% ± 16% of the LABOCA clumps in G304.74 are fragmented into two or more cores, but the morphology of some of the identified SABOCA cores suggests that this multiplicity fraction could be somewhat higher, namely 43% ± 17%. On a larger scale, our SABOCA imaging revealed a dense, narrow (0.18±0.05 pc on average) central filament inside the LABOCA filament. 2. On the basis of the WISE IR imaging data, 65% ± 18% of the SABOCA cores are hosting YSOs, while the remaining 35% ± 13% appear dark in the WISE IR images. The latter IR-dark cores are candidates for prestellar cores. 3. The mean dust temperature of the clumps, as derived using the Herschel/SPIRE 250, 350, and 500 µm data, was found to be 15.0 ± 0.8 K. The mean mass, beam-averaged H 2 column density, and H 2 number density of the LABOCA clumps are estimated to be 55±10 M ⊙ , (2.0±0.2)×10 , and (7.9 ± 1.2) × 10 4 cm −3
. Hence, on average, the cores are found to be about 1.9 times less massive, and to have a factor of 1.5 (2.5) times higher column (number) density than their parent LABOCA clumps. 4. The filamentary structure of G304.74 is estimated to be thermally supercritical by a factor of at least 3.5 for the LABOCA filament, and by a factor of 1.5 for the SABOCA filament. If non-thermal motions, or turbulence, are important on a larger scale traced by LABOCA, the corresponding filamentary structure could be closer to virial equilibrium. Nevertheless, the presence of substructure and YSOs along the whole long axis of the cloud shows that it has fragmented owing to gravitational instability, which further argues for G304.74 being thermally supercritical. 5. The Herschel/SPIRE images showed that G304.74 is associated with elongated striations that connect to the filament. This could be a sign that G304.74 is still accreting mass from the surrounding medium. Hence, the pressure of the ambient medium might play an imporant role in the dynamical evolution of the G304.74 filament. 6. Our fragmentation analysis suggests that the LABOCA clumps might have fragmented into cores via thermal Jeanstype instability, although contribution from non-thermal pressure support cannot be excluded on the basis of the present data. Nevertheless, the hierarchical fragmentation of G304.74 might have proceeded from the formation of clumps through sausage instability, to a gravitational Jeans instability on subclump scales. 7. One of the clumps in G304.74, IRAS 13039-6108 in the centre of the filament, is known to be associated with an H ii region, and hence the clump is hosting a high-mass YSO(s). Further studies are needed to understand if some of the other clumps and cores in G304.74 have the potential to give birth to massive stars, or whether they are more likely to represent the formation sites of low and intermiediate-mass stars. Because G304.74 is a relatively nearby IRDC (d ∼ 2.5 kpc), it could be used as a useful target source to investigate the formation of intermediate-mass stars, and how the process compares with those of low and high-mass star formation. Owing to the apparent morphology of G304.74 in the SPIRE maps, we propose that the cloud is nicknamed the Seahorse Nebula.
